Water related activity that takes place in one part of a river basin may have consequence in the other part. Any plan related to inter basin transfer of water from a water surplus basin to a deficit basin has to take into account the water availability and demands under the present and future scenarios of water use. Watershed is a hydrologic unit where all stream exit from the common outlet. In the present study, Tapi subcatchment area (Burhanpur watershed) located in inter-state basin of Madhya Pradesh and Maharashtra, India, is selected for the estimation of surface runoff using SWAT model. The SWAT works in conjunction with Arc GIS 9.3. Various parameters Digital Elevation Model (DEM), slope derived from DEM, Landuse/Landcover (LULC) and NBSSLUP soil data and temporal data for temperature and precipitation was used as input for the model to predict runoff at the catchment outlet. The model was run from the year 1992 to 1997. The performance of the model in terms of simulated runoff was evaluated using statistical method and compared simulated monthly flow with the observed monthly flow values from 1992 to 1996 to a significant extent. The coefficient of determination (R 2 ) for the monthly runoff values for 1992 to 1996 was observed to be 0.82, 0.68, 0.92, 0.69.
INTRODUCTION
Water is a transparent fluid which forms the streams, lakes, ocean and rain and is one of the major constituents of the fluids of living beings. Hydrological research deals with the distribution and circulation of water with environment (chow et al., Subramanian, 2004) . A watershed is a hydrologic unit or an area of land from which water drains, running downhill, to a shared destination or which produce water as the end product by interaction of precipitation and the land surface (Jain, SK et al., 2010) . A watershed is a catchment basin that is bound with topographic features. A catchment area can be very small, it can be few hectares, or it may cover an enormous area, as for example the Ganga and the Brahmaputra basin. The total amount of water that falls as rains within a catchment area will either flow as surface runoff in the river which drains the basin or sinks into the ground to become ground water. Surface water and ground water is used for agricultural, industrial and domestic purposes (Goel et al., 2008) .Remotely sensed data provides valuable and real-time spatial information on natural resources and physical parameter. GIS is an effective tool in watershed modeling as remote sensing derived information can be well integrated with the conventional database for estimating runoff which can help in planning suitable soil and water conservation measures. Since the modeling of runoff is essential for sustainable development, it is desirable that some suitable methods are used for quantifying the hydrological parameter from all parts of the watershed. Use of mathematical models for hydrologic evolution of watershed is the current trend along with extraction of watershed parameters using remote sensing and Geographical Information System (Jain, SK et al., 2010) . The current study was undertaken on the application of the SWAT model which integrates the GIS information with attribute database to estimate the runoff. The model application has been demonstrated for the Upper part of Tapi sub catchment area in Burhanpur watershed.
The Study Area
The Tapi River is the second largest west flowing river of India with its catchment area lying in the States of Madhya Pradesh, Maharashtra and Gujarat States. The river originates in the highlands of the Satpura hills near Multai town in Betul district of Madhya Pradesh and finds its outlet in the Arabian Sea. The Tapi river basin comprises of three basins, namely upper Tapi, Middle Tapi, and Lower Tapi basin. The whole Tapi basin is covered under an area of 65,145 sq. km out of which 29,430 sq. km and 25,320 sq. km are covered in upper and middle Tapi basins. The study area in the present study is a sub-catchment of Upper Tapi River Basin, namely Burhanpur watershed. Burhanpur watershed starts from Multai town in Betul district up to Burhanpur District. This watershed is covered in two states of Madhya Pradesh and Maharashtra, out of which major part is covered in Madhya Pradesh (Narasayya et al.2013 ). The study area (Figure 1 ) extends from 21˚ 22' to 21˚ 44' North latitude 76˚ 6' to 78˚ 14' East longitude. Total geographic area of Burhanpur watershed under study is 9364 sq. km. It is situated in the southern border of Madhya Pradesh near the bank of Tapi River. The study area has semi arid climatic condition with a maximum temperature in May of around 45˚c and a minimum temperature of around 8˚c during the month of December. The average annual rainfall is around 830mm in this watershed. The total length of Tapi river that flows in Burhanpur watershed from its source to outlet point at Burhanpur is nearly 282 km. The soils in the Tapi basin can be broadly classified into 3 groups, viz. 1) coarse shallow soils, 2) medium black soils, and 3) deep black soils. Coarse shallow soils have developed from the basaltic Deccan traps and have depth generally between 25 to 50 cm and more. Their texture from surface to sub-surface varies from silt-loam to clay. Major part of the land use in Tapi sub catchment is covered by the forests and the cultivated area. where, SWt is the final soil water content (mm H2O), SWo is the initial soil water content (mm H2O), t is time in days, Rday is amount of precipitation on day i (mm H2O), Qsurf is the amount of surface runoff on day i (mm H2O), Ea is the amount of evapotranspiration on day i (mm H2O), wseep is the amount of percolation and bypass exiting the soil profile bottom on day i (mm H2O), Qgw is the amount of return flow on day i (mm H2O). SWAT model uses hourly and daily time step data to calculate surface runoff. The Green & Ampt method is used for hourly data and an empirical SCS Curve number is used for daily computation.SCS method stands for Soil Conservation Service method which is widely used for estimating flood on small to medium sized unguaged drainage basins. It was developed originally as a procedure to estimate runoff volume and peak discharge for design of soil conservation works and flood control project (Maidment, The Handbook of Hydrology). The SWAT model estimates runoff volume by using the Soil Conservation Service (SCS) curve number technique (USDA, 1972). In SWAT model, a basin is delineated into various subbasins, which are further subdivided into HRUs which stands for Hydrological Response Unit. HRUs divide the sub basin in to the area of similar land use, soil type and slope. One can eliminate the minor land use and soil type in the basin. GIS plays an important role to develop various kind of physically based river basin Hydrological models. It has become in Hydrology for assessing the impact. Various studies have been done in the hydrological modeling using SWAT by Indian researcher.
Tripathi et al. The authors applied the SWAT model for hydrological modeling of a small watershed using generated rainfall in eastern India. He applied the SWAT model for the Nagwan Watershed. The watershed has a drainage area of 92.46 sq. km. The objective of their study was to simulate the runoff, sediment yield and water quality of watershed and to predict the effect of changing landuse and conservation practices on sediment yield within the area. Daily rainfall, runoff and sediment yield values of 8 years (1991-1998) were used for the study. Apart from that, climatic data, topographical map, land use map, and soil map were used in the study. In the study, simulated monthly average values using generated rainfall compared well with observed values during the monsoon season of the years 1991-1998 for surface runoff and sediment yields In view of the application of SWAT model to a number of study watersheds by Indian researchers, it was decided to apply the model for a part of the Tapi basin. The development of database for the study area and methodology adopted for the model application is discussed in subsequent section.
METHODOLOGY

Database Development for the Study Area
Spatial attribute and dynamic data was collected for the Tapi sub-catchment area (Burhanpur Watershed). Digital elevation model is one of themain input of SWAT. Tapi basin DEM was obtained from SRTM. Tapi basin DEM and thye location of the study area with respect to Tapi basin is shown in figure 2,3 . The SRTM DEM for the Tapi basin was obtained at 90 m resolution. The elevation map was aggregated to 1000 m resolution by averaging the grid wise elevation using nearest neighbourhood method in LCC coordinate system (Figure 2) . Out of the total Tapi basin ,only a part of upper Tapi basin (up to Burhanpur Watershed G & D site) was considered in the study (Figure 3) . Soil plays an important role in various process of hydrological modeling. In ArcSWAT, various soil properties like soil texture, hydrolic conductivity, bulk density, water content are essential to make an input to the model. The soil map and it's physical properties for sub-catchment obtained from the NBSSLUP and used in the present study. Soils with texture sandy/sandy loam is considered as class A (High infiltration rate and low runoff potential), with texture silt loam/loam as class B (Moderate infiltration rate), with texture sandy clay loam as class C (low infiltration rate), and with texture clay loam/clay/silty clay as class D (very slow infiltration rate and high runoff potential). The soil map of the area is shown in Figure 5 . SWAT requires daily precipitation (mm) and minimum, maximum temperature (˚C). Values for input may be read from records of observed data or they may be generated. The precipitation data table is used to store the precipitation for individual raingauge stations. Daily precipitation data for the year 1992 through 1997 was available. The rainfall is observed at 11 station namely Multai, Betul, Atner, Chicholi, Bhaindeshi, Chikhalda, Dharni, Akola, Khandwa, Burhanpur, and Jalgaon. monthly temperature data were available. Therefore, average monthly maximum and minimum temperature data for the Akola station has been transformed into daily values and used for the simulation analysis from June 1992 to May, 1996. 
Model Setup
The entire database required by the SWAT model has been developed for the study area (Upper Tapi basin up to Burhanpur G & D site) and the model has been setup for the area. The main procedure and various steps followed in model application are explained below: SWAT project setup, Watershed delineation, HRU Analysis, Write input table, Edit SWAT Input, SWAT Simulation. The methodology for the runoff modelling at the basin outlet using SWAT is depicted in flow chart (Figure 6 ). SWAT automatically delineates a watershed into sub-watershed based on DEM. DEM was imported in the model and the mask is manually created in the model in order to extract out the Tapi sub-catchment area. The critical source area or the minimum drainage area required to form the origin of a stream was taken as 10,000 ha.Model Generated 56 sub-watershed of the Tapi sub catchment area. The outlet is defined at the location of monitoring station (Burhanpur G & D site). Watershed was delineated for the present study and all parameters were calculated for each sub basin. The area delineated by the model was found to be 936400 ha. After that, two reservoir locations were defined in the basin. The Burhanpur watershed was delineated successfully as shown in Figure 7 .
Figure6. ArcSWAT Methodology for rainfall-runoff modelling
Figure7. Delineation of Watershed in ArcSWAT
HRUs are the Hydrological response unit that divides the watershed into various homogeneous units based on the land use, soil type, and slope at each grid. Hydrologic response units for each sub basin were created. SWAT requires land use and soil data to determine the HRUs for each sub-basin. The land use and soil map have been imported in the model. Land use category is used to specify the land use layer and soil look up table is used to specify the type of soil to be modeled for each category. in the soil layer, linked to the SWAT database and reclassified land use and soil map. The soil map reclassified the database in 4 hydrological soil group (HSG) named A, B, C, D
based on their infiltration rate. The lulc map was also reclassified into 6 different categories The slope map is reclassified in 3 classes: a) 0 -1.5 %, b) 1.5 -3.0 %, and c) > 3 % Reclassified slope map is shown in Figure 8 .
Figure8. Slope map of Burhanpur Watershed
Next, the land use, soil and slope maps were overlaid. To eliminate minor land use, soil and slope, threshold percentage method was adopted and 5% threshold for land use, 10% threshold for both soil and slope were used. The HRUs were delineated and corresponding report was also generated by the model which specified the area of different HRUs in various sub-basins. A total of 656 HRUs were generated in the Burhanpur watershed. The model requires daily data for precipitation and temperature that is provided by the user in the .dbf format and is stored in the project database. Remaining necessary climatic data can be generated as the user specified .wgn file. For the present study, there was no temperature station within the watershed. However, two close-by meteorological stations, namely Akola and Jalgaon were used for the present study. Weather data like rainfall of 6 years of daily data from 1992 to 1997 in 11 rain gauge station Multai, Betul, Atner, Chicholi, Bhaindeshi, Chikhalda, Dharni, Akola, Khandwa, Burhanpur, Jalgaon and minimum and maximum temperature data of Akola and Jalgaon stations were utilized for the years 1992-1997. The climatic data for study periods were prepared in .dbf format and then imported in the SWAT model. After importing the climatic data the next step was to set up a few additional inputs for running the SWAT model. The characteristics of the soil data and the properties of the land use were defined in the model as per Indian condition. These input file were set up and edited as per the requirement and objective of the study. Next, reservoir input data was used to define the monthly outflow data from the reservoirs along with the monthly demands and desirable rule curve levels. In addition, the monthly domestic and agricultural water use data from surface and groundwater for domestic and agricultural purposes. The watershed parameters showing the characteristics of surface runoff was defined. The files were successfully rewritten and stored in personal geodatabase of the model. After this step, the model was run to simulate the surface runoff.
Performance Evalution of the Model
The model was evaluated in order to determine the performance that how the model, simulated value fitted with the observed value. Statistics techniques like the coefficient of determination is one of the method to assess the model performance and also estimate that at which level simulate value fitted with the observed value. It shows the best fitness and efficiency of the model. R square describes the proportion of the total variance in the measured data that can be explained by the model. It ranges from 0.0 to 1.0. High values indicating better agreement.
where, O(i) is the ith observed parameter, Oavg is the mean of the observed parameters, S(i) is the ith simulated parameter, Savg is the mean of model simulated parame-ters and N is the total number of events.
RESULT AND DISCUSSION
SWAT Simulation
SWAT simulation has been done for the duration from January 01, 1992 to December 31, 1997. Skewed normal rainfall distribution option was selected. The SWAT model has been run for the current study and output was generated at monthly time step.
Results of the SWAT
The model was generated runoff series for the study area from January 01, 1992 to December 31, 1997 in depth units (mm). The same was converted to monthly volume in million cubic metres (MCM). Monthly observed flow volume at Burhanpur gauging site (in MCM) were available from June, 1992 to May, 1996. Therefore, the performance of the model in terms of simulated runoff was evaluated using statistical method and compared simulated monthly flow with the observed monthly flow values from 1992 to 1996 to a significant extent. The coefficient of determination ( ) for the monthly runoff values for 1992 to 1996 was observed to be 0.82, 0.68, 0.92, 0.69 respectively for runoff.The results are shown in Figure 9 (a, b, c, d). As can be seen in the analysis, monthly runoff value for the years 1992 to 1993 and 1994 to 1995 showed a better correlation than the other monthly values for the respective years. It can be concluded from the Simulation Results of the study the model was simulated the runoff reasonably well from Tapi sub catchment area (Burhanpur watershed).
CONCLUSIONS
In the present study, SWAT model has been applied to a part of the Upper Tapi basin for the purpose of simulating the rainfallrunoff process in the sub-basin. SWAT is a river basin scale, physically based continuous time series model. It requires various parameters and catchment characteristics to perform hydrological modeling. The model has the capability to generate the climatic data through weather generator by defining the various monthly parameters. In the present study, the hydrological modeling is performed using arc SWAT model for the Tapi sub-catchment area. The model uses arc GIS environment and calculates the surface runoff at various monitoring points in a catchment. For topographic analysis, the SRTM DEM at 90m grid size has been used. The topographic DEM has been resampled to 1000 m grid size in LCC projection. All other GIS layers, such as soil map, land use map, and slope map have also been processed with the same projection parameters. ARC GIS has been used to delineate the watershed by defining the threshold value as 10000 ha. A total of 56 sub-basins have been generated with this threshold. Using the land use, soil, and slope maps and their attribute information, multiple HRUs have been generated in each sub-basin. Next, the daily rainfall and temperature data at various gauging sites in the Tapi basin in/around the study area have been input to the model from January, 1992 to December, 1997. Various other data files, such as reservoir characteristics and water use details in the study basin was specified. The model runs were taken with the specified data at daily time step and the output results have been analyzed at monthly time step. The simulated flows at the basin outlet have been compared with the observed flows for four years of record (1992-93 to 1995-96) and the results are encouraging. The coefficient of determination for the monthly runoff was obtained as 0.82, 0.68, 0.92, 0.69 can be considered as a satisfactory value.
